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Abstract. The aim of this paper is to evaluate a new optimized 3-step global reaction mechanism (opt) [1] for a methane-
air mixture for industry purpose. The global reaction mechanism consists of three reactions corresponding to the fuel 
oxidation into CO and H2O, and the CO  CO2 equilibrium reaction. Correction functions that are dependent on the local 
equivalence ratio are introduced into the global mechanism. The optimized 3-step global reaction scheme is adapted into 
the Computational Fluid Dynamics (CFD) analysis of a partially-premixed piloted methane jet flame. The burner consists 
of a central nozzle (for premixed fuel/air), surrounded by a premixed pilot flame, and an annular co-flow stream. Both 
steady-state RANS (Reynolds Averaged Navier Stokes) and time-averaged hybrid URANS/LES (Unsteady RANS/Large 
Eddy Simulation) results have been computed and compared with experimental results obtained from the Sydney burner 
at Sandia National Laboratories, Sandia Flame D [2]. The CFD results with the optimized 3-step global reaction 
mechanism show reasonable agreement with the experimental data based on emission, velocity and temperature profiles, 
while the 2-step Westbrook Dryer (WD2) [3] global reaction mechanism shows poor agreement with the emission 
profiles. 
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INTRODUCTION 
A demand on reduced emissions and improved efficiency for the gas turbine combustors implies that reliable and 
accurate modelings of chemical kinetics are crucial. In reality detailed reaction mechanisms for hydrocarbon 
combustion are extremely complex since they involve around 100 species and 10000 reactions. Some detailed 
mechanisms of methane-air combustion involve more than 300 elementary reactions and over 30 species [4]. From a 
CFD perspective it is still too expensive to include all species and reactions. The use of global reaction mechanisms 
is one way to go for CFD simulations, since they are easily implemented in commercial software. Several different 
reduced reaction mechanisms of methane-air mixtures exist in the literature [5-7]. The drawback of most of the 
published global mechanisms is that they are not flexible enough to cope with a wide range of equivalence ratios. 
The presently used optimized 3-step global reaction mechanism (opt) has been developed for equivalence ratios in 
the range 0.5-1.8 and at atmospheric pressure [1].  
 
The WD2 global reaction mechanism [3] is commonly seen in the literature and is an old industry standard  for CFD 
simulations. The drawback with the WD2 is due to the poor emission prediction at rich conditions since it produces 
too much CO2 and not enough carbon monoxide compared to the detailed reaction mechanism. LES simulations by 
Pitsch et al. [8] show very good agreement with the experimental data. However, the mesh size is three times larger 
and the time step is ten time smaller than the SAS-SST model, which implies that the computational time is very 
expensive. The aim of the present work is to improve, validate and evaluate current standard industrial CFD tools. It 
is too expensive for the industry to run LES in their daily work. In the CFX validation report [9] the conclusion is 
that the RNG k- model together with the WD2 model works well for industry purpose. CFD simulation with the 
same settings as in the CFX validation report [9] has been performed and used for comparisons in the present work 
(RNG k- WD2). The results obtained agree well with those given in the CFX validation report. So, no 
improvements or modifications have been done for the RNG k- WD2. The improvements of the predictions of the 
emissions are seen by the 3-step global reaction mechanism since the optimized mechanism increases the reaction 
rate on the first reaction to increase the CO production. Simultaneously, the second reaction rate is reduced, thus 





















where A is 

























.  Activation en
24H2
 CO2

























ere used for 
tion mechani
pation Model




o CO and H2





























sm [3].  The 
 (FRC-EDM)
ifferent react
e for each rea
KINET
ion mechanism










 Ea is the act

















, in Ansys C
ion rates for 
ction is then 
IC MODE




r A and temper
 
        Ea [J
#$#+&
&$+.






s [1]. The C
e for the gl
he reference 
ell predicted 
 ratios.  




d as a solver
















, R is the ga
n functions 















 chosen for a
, one from th
DM model i
seen in table 
n of CO into
also shows t
ient) that are 





s constant, T 








at al. [8] (for 
f a detailed me







s based on the
1. The first re
 CO2. The ba
he optimized








an be seen to
 mechanism 
en used for 
In a compar
m, the result










l and one fro
 work of Mag





ates for the 
ature and f1 
ent for rich 
 one expect 
 the left in 
(GRI Mech 
the detailed 
ison of the 
s show that 
 shows also 
) and Abou-
ech 3.0) and 
as selected 
al reaction 
d the WD2 
 Chemistry/ 
bined FRC-


























. The WD2 g
zed global r
 considering t





3.  Radial profi
axial position
G
consists of a 
am of air an
[2] is used to
D simulation
s for the trans
s of axial pr
lobal reaction
eaction mech
he CH4 and C
l profiles of CH
s of radial pr
t axial positio
at radial pos
e CH4 and CO




d the flame 
 set temperatu












 0.108m, CO m
ain and Boun
 a mixture of
is stabilized
re, species m






, the CO leve
, CO2 mass fra
ss fraction (c
 before, the W
-step optimi
 similar to the
 
d at axial posi
ass fraction pl
dary Conditio
 25% of meth




 CO2 and und
greement be
l is over-pred






otted at axial p
ns 
ane and 75% 
xperimental 
 turbulence an









lot, the CO le
and 0.108m, CO
ositions 0.144m




l) of CH4, C
O at all posit
perimental d
otted at center 





 and 0.108m 
et is located 
e Technical 
ofiles at the 
ations were 
O2 and CO 
ions. The 3-
ata and the 
 
line 
O2 and CO 
redicts CO2 
 reasonable 
edicted.   


















2.  Sandia N
3. Charles 
Energy C
4.  Y. Liu, K
by LES”




7. M P. Go
Flow Sim
and Air, 
8.  H. Pitsch
Phys. Flu
9.   D. Gobb
10. B. Franz
and Flam
11.   Comme





 of this is due
he transient 
ady-state sim















. S. Lau, C. K.








 and H. Steiner
ids 12, 2541-2
y, “Piloted met







 the inlets o
 to that the ra
simulation (S
ulations.  
al profile of sta
K] plotted at ce
p global reac











. 1984, Vol. 10
 Chan, Y. C. G
ass Tran. 46, 3
avid L. Black, 
un-Unkhoff an
al of Engineeri































 L. Dryer, 19
, pp. 1-57. 









 T. Poinsot, 20
tp://www.ansys
r. “On mathem
p. (Int'l.) on Co
 and axial pro
mental data a
and well pr
 included in t
ures the temp
 












































d, Sea and Air






























rt in 2D Trans

































that there is 
re generally 
 reasonable 
 is also well 
downstream 
 
e of static 
ied in CFD 
 tools. The 
l data based 
shows poor 







 for Reactive 
for land , Sea 
ia flame D)”,  
, Combustion 
asis on soot 69
